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Whether natural factors could interpret the rise of the Earth’s surface temperature is still controver-
sial. Though numerous recent researches have reported apparent correlations between solar activity
and the Earth’s climate, solar activity has encountered a big problem when describing the rapid global
warming after 1970s. Our investigation shows the good positive correlations between the Earth’s sur-
face Ultraviolet irradiance (280-400 nm) and the Earth’s surface temperature both in temporal and
spatial variations by analyzing the global surface Ultraviolet irradiance (280-400 nm) and global sur-
face temperature data from 1980-1999. The rise of CO2 cannot interpret the good positive correlations,
and we could even get an opposite result to the good correlations when employing the rise of CO2 to
describe the relation between them. Based on the good positive correlations, we suggest a new effect,
named “Highly Excited Water Vapor” (HEWV) effect, which can interpret how the Sun influences the
Earth’s surface temperature reasonably, including the rapid warming after 1970s.
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I. INTRODUCTION
The debate on whether the Sun could influence global
surface temperature variation has been argued for years
since 1976 after Eddy [1] indicated the relation between
solar activity and Earth’s surface temperature. Many
researchers have found apparent correlations between
solar activity and the Earth’s surface temperature [2–6]
and some physical mechanisms have been suggested to
interpret the possible way of solar activity influencing
global surface temperature [7–12]. Some researchers,
however, have also found a decoupling between so-
lar activity and the Earth’s surface temperature since
roughly 1970: the surface temperature continued to rise
rapidly, while the solar irradiance did not show a corre-
sponding increase in the same time [13–15]. Solanki and
Krivova [15] compared the constructed total solar irradi-
ance, UV irradiance and the cosmic rays with the atmo-
sphere temperature respectively, and got a conclusion
that since roughly 1970 he Sun cannot have contributed
more than 30% to the steep temperature increase.
We consider the decoupling problem between so-
lar activity and the Earth’s surface temperature being
caused by the decrease of the Earth’s ozone layer and
cloud cover. As we all know, solar Ultraviolet irradiance
could be influenced by ozone layer[16] and the cloud
cover[17]. o we employ the Earth’s surface Ultraviolet
irradiance (280-400 nm, the same hereinafter) as the in-
dex of their variations, and via comparing it with the
surface temperature to investigate the relation between
surface Ultraviolet irradiance and surface temperature.
We could see good positive correlations between sur-
face temperature and surface Ultraviolet irradiance in
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Sec. III. And the physical mechanics behind the good
correlations is discussed in Sec. IV, one probable me-
chanics is the cloud cover, and another, is the new effect
raised by Chen it et al., named as “Highly Excited Water
Vapor” effect.
II. DATA
Climatological distributions of the Earth’s surface-
level Ultraviolet radiation data from 1980 to 1999 is ob-
tained from [18], and this data is the monthly mean data,
on 60.5oS-60.5oN, 179.5oW-179.5oE (1o × 1.25o) from
1980 to 1999, divided into several parts based on the
spectra band, such as UVA: 325-400 nm, UVB: 280-325
nm. Then we interpolated and averaged the monthly
data to the yearly anomalies in the spectra band 280-
400 nm (UVA data plus UVB data) in 1o × 1o. The
yearly surface temperature anomalies on 60.5oS-60.5oN,
179.5oW-179.5oE (1o × 1o) from 1980 to 1999 are down-
loaded directly from Goddard Institute for Space Stud-
ies (GISS), National Aeronautics and Space Administra-
tion (NASA).
III. RESULTS
By taking investigation of the two datasets, we find
the good correlation in spatial distribution (r = 0.3855,
P > 99.99%) between surface Ultraviolet irradiance and
surface temperature in decadal variation. It is shown
in Fig. 1. Surface Ultraviolet irradiance and surface
temperature show large increase in latitude zone 30oN-
60oN, especially in Siberia, West Europe and North
America.
Because of the consistent largest increase between sur-
face Ultraviolet irradiance and surface temperature in
30oN-60oN, yearly zonal mean variation of them in this
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2FIG. 1. Comparison of surface temperature distribution and
surface Ultraviolet irradiance distribution in decadal varia-
tion (average of 1990-1999 minus average of 1980-1989). (A):
Earth’s surface Ultraviolet irradiance (unit: kJ.m−2 .month−1);
(B): Earth’s surface temperature (unit: oC).
latitude region from 1980 to 1999 are calculated and
compared. The result is shown in Fig. 2. We find that the
surface Ultraviolet irradiance correlates with surface Ul-
traviolet irradiance very well (r = 0.6022, P > 99.5%),
except the years 1983-1984, 1989-1990 and 1997-1999,
around El Nin˜o appearance.
FIG. 2. The 30oN-60oN yearly zonal mean variation of Earth’s
surface Ultraviolet irradiance (the solid line) and Earth’s sur-
face temperature (the dashed line) from 1980 to 1999.
IV. DISCUSSION AND SUGGESTION
Because the Earth’s surface temperature is not con-
sidered in the process of the Earth’s surface ultraviolet
irradiance calculation, and vice versa, so the good cor-
relations are not caused by artificial calculation. That
is, the good correlations indicate an exact physical re-
lation between surface Ultraviolet irradiance and sur-
face temperature. The rise of CO2 cannot be employed
to describe the good correlations. Instead, it presents
an opposite result, because based on the substantial hy-
pothesis that in the warmer and moister CO2-rich at-
mosphere, cloud liquid water content will generally be
larger and will increase the cloud’s albedo [19], which
will lead a decrease of the Ultraviolet irradiance. This
leads to an opposite result to the good positive correla-
tions.
A. Could the cloud cover cause the good correlations?
Cloud cover, as a natural factor, may be a common fac-
tor to the good positive correlations between the Earth’s
surface temperature and surface Ultraviolet irradiance,
because cloud cover has influence on both ltraviolet ir-
radiance [18] and global surface temperature [20, 21].
The decrease of the cloud could lead the increase of sur-
face temperature and Ultraviolet irradiance at the same
time, and cause the similarity between surface Ultravi-
olet irradiance and surface temperature. The Interna-
tional Satellite Cloud Climatology Project (ISCCP) did
find the declining of the total cloud cover [22], which
gives us a positive motivation to research the effect of
the cloud on the surface temperature variation.
We test the cloud signal in the Earth’s surface temper-
ature data and the Earth’s surface Ultraviolet irradiance
data, respectively, by employing the total cloud cover-
age yearly variation from 1983 to 1999 [22]. We find both
of the surface temperature and surface Ultraviolet irra-
diance data show their responses to the total cloud cov-
erage signal, but the areas in the two data maps show-
ing their responses to the cloud signal are very differ-
ent (see Fig. 3). This could indicate that the cloud is not
the main factor caused the good positive correlations be-
tween surface temperature and surface Ultraviolet irra-
diance, but more researches need to be done before we
get the final conclusion.
B. A new effect may exist
The good correlations between surface Ultraviolet ir-
radiance and surface temperature could indicate a new
effect: the surface Ultraviolet irradiance could have the
ability to influence surface temperature variation di-
rectly. As we know, water vapor is the most important
greenhouse gas, accounting for almost 70% of the green-
house effect [23]. Any change of it could lead a surface
temperature change. Actually, water vapor has many
properties that deserve to be paid more attention [24],
specifically its effects in highly excited vibrational states
[25]. Here we concentrate on the effects of water vapor
in highly vibrational states excited by Ultraviolet irradi-
ance and propose a new suggestion as one of the paths
3FIG. 3. Spatial distribution of surface temperature (A) and sur-
face Ultraviolet irradiance (B) responding to total cloud cover-
age signal above 90% confidence level. (Color bar: confidence
level)
that solar activity influences the Earth’s surface temper-
ature variation.
Figure 4 shows the vibrational energy states of a water
molecule, which is calculated by Lie algebraic approach
[25, 26]. Water molecule at the low vibrational states can
be excited by the Ultraviolet irradiance (280-400 nm) to a
highly excited vibrational state region between the two
bold-lines marked in Fig. 4, where there are more vibra-
tional energy states and generate many new absorption
lines and strengthen some absorption lines in infrared
spectrum region.
FIG. 4. Vibrational energy states of water molecule. The state
region between the two bold-lines is the high vibrational en-
ergy state region excited by the Ultraviolet irradiance in spec-
tral band 280-400 nm.
The water molecular spectroscopy calculation indi-
cates that Ultraviolet irradiance changes water vapor’s
infrared spectrum. The Infrared spectrum of water va-
por in the highly excited vibrational states excited by
the 380 nm Ultraviolet irradiance is shown in Fig. 5(B).
By taking comparison with water vapor’s Infrared spec-
trum in low vibrational states (Fig. 5(A)), the spectra of
water vapor in highly excited vibrational states shows
many new absorption lines, such as absorption lines
in 4 − 6 µm, 9 µm and 12 µm. The 9 µm and 12 µm
absorption lines are in the Earth’s 8 − 14 µm atmo-
spheric window, and the atmospheric window means
this part of spectrum dose not be absorbed by the Earth’s
atmosphere and just get through to the outer space.
Also these two lines are in the spectra region that the
Earth’s surface emits its maximum energy as a black
body when its surface temperature is suggested as 288
K. This means we find more energy source for water va-
por’s greenhouse effect, in other words, for the global
warming.
FIG. 5. Absorption spectrum comparison of the low vibra-
tional energy water molecule (A) and highly excited water
molecule excited by 380 nm Ultraviolet irradiance (B).
We calculate the highly excited water molecule’s pho-
ton absorption cross section, which is excited by the
380nm Ultraviolet irradiance, and compared with the
low vibrational water molecule’s photon absorption
cross section. We find that the photon absorption cross
section of the highly excited water molecule is almost
20-100 times larger than that of the low energy state (see
Fig. 6), which means the absorption ability of highly ex-
cited water molecule is much stronger than that of low
vibrational energy water molecule.
FIG. 6. Comparison of water molecule’s photon absorption
cross section in low vibrational energy states (A) and in highly
excited vibrational states excited the 380 nm Ultraviolet irradi-
ance (B)
The Ultraviolet irradiance in 380 nm is just one point
4FIG. 7. The physical process that the HEWV effect occurs in
the Earth-atmosphere system
of the 280-400 nm spectra band. We could also employ
Ultraviolet irradiance in other wavelength to calculate
highly excited water molecular spectroscopy, and could
get other new absorption lines in water molecular and
find more energy resource for the global warming.
Based on the above analysis, we suggest that the Ul-
traviolet irradiance in the spectral band 280-400 nm in
the Earth’s lower troposphere can be absorbed by water
vapor, and then change water vapor’s infrared absorp-
tion spectrum, generating many new absorption lines.
In other words, the Earth’s surface Ultraviolet irradiance
enhances water vapor’s greenhouse effect and eventu-
ally influences the Earth’s surface temperature. The
chart description of this physical process is shown in
Fig. 7. We name this as “Highly Excited Water Vapor”
(HEWV) effect.
The HEWV effect can highlight the importance of the
solar activity in global surface temperature variation.
Solar activity has the ability to influence global surface
temperature variation through Ultraviolet irradiance in
spectral band 280-400 nm. The role of ozone layer and
cloud in this effect is like a thermostat, which absorbs
or reflects Ultraviolet irradiance and tries to weaken the
ability of solar activity influencing global surface tem-
perature variation. After 1970s, the ozone layer and
the cloud cover decrease, which makes the increase of
the Earth’s surface Ultraviolet radiance and eventually
leads the increase of global surface mean temperature.
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